Falls are the second leading cause of accidental and unintentional injury deaths worldwide. Inpatient falls in hospital settings are likely to prolong the length of stay of patients in nearly 6.3 days, leading to increased hospitalization costs. The causes of fall incidents in healthcare facilities are multifactorial in nature and certain medications use could be associated with these incidents. This review seeks to critically evaluate the available literature regarding the relationship between inpatient falls and medication use. A comprehensive search was performed on MEDLINE, EMBASE and Lilacs with no time restriction. The search was filtered using English, Spanish or Portuguese languages. Our study evaluated medication use and inpatients falls that effectively happen, considering all ages and populations. An assessment of bias and quality of the studies was carried out using an adapted tool from the literature. The drugs were classified according to the Anatomic Therapeutics Chemical Code. The search strategy retrieved 563 records, among which 23 met the eligibility criteria; ninety three different pharmacological subgroups were associated with fall incidents. Our critical review suggests that the use of central nervous system drugs (including anxiolytics; hypnotics and sedatives; antipsychotics; opioids; antiepileptics and antidepressants) has a greater likelihood of causing inpatient falls. A weak relationship was found between other pharmacological subgroups, such as diuretics, cardiovascular system-related medications, and inpatient fall. Remarkably, several problems of quality were encountered with regard to the eligible studies. Among such quality problems included retrospective design, the grouping of more than one medication in the same statistical analysis, limited external validity, problems related to medication classifications and description of potential confounders.
INTRODUCTION
Falls are the second leading cause of accidental and unintentional injury deaths in Brazil and worldwide (CDC, 2014; DataSUS, 2014; WHO, 2004) . In healthcare facilities, this adverse event is a prevalent patient safety problem. The reduction of injuries stemming from fall incidents is one of the six main goals of the Worldwide Alliance for Patient Safety (WHO, 2008) . The World Health Organization (WHO) defines fall as "inadvertently coming to rest on the ground, floor, or other lower level, excluding intentional change in position" (WHO, 2007) .
As of 2012, the fall rate of adult inpatients in the USA was 3.56 per 1,000 patients/day (pd), out of which 26.1% resulted in injury (Bouldin et al., 2012) . Inpatient falls in hospital settings are likely to prolong the length of stay of patients in nearly 6.3 days, leading to increased direct and indirect hospitalization costs of $13,316 in three American hospitals (Wong et al., 2011) . There are few data on adult inpatient falls in Brazil, and most of the studies conducted on the issue restricted their focus to elderly patients. In a study carried out in three large general hospitals in a single state in Brazil, the rate of fall among elderly inpatients was 12.6 per 1,000 patients a day (Abreu et al., 2015) .
The fall risk factors are multifactorial in nature and are conventionally classified into intrinsic and extrinsic factors (Ferreira, Yoshitome, 2010 , Severo et al., 2014 .
The intrinsic factors are associated with the individual and are essentially related to factors such as the illness of the patient, elderly physiological changes, cognitive decline, gait alteration and medication use (Buksman et al., 2008) . These factors are found to be transitory, and include orthostatic hypotension, syncope after anesthesia (Spoelstra et al., 2012) or polypharmacy (Richardson, Bennett, Kenny, 2014) . The extrinsic factors are related to external conditions including environmental hazards (such as bedrails or footwear) and low levels of nursing care (Severo et al., 2014; Hignett, Masud, 2006) .
While current research studies have devoted their attention to understanding the causes of inpatient fall risks, the huge challenge lies in devising efficient strategies for the prevention of falls in healthcare facilities (Miake-Lye et al., 2013; Brasil, 2013b; Rezende, Gaede-Carrillo, Sabastião, 2012 , Boushon et al., 2012 . Medication use is cited as one of the main causes of inpatient falls (Rubenstein, 2006; Boyle, Naganathan, Cumming, 2010) . Some studies point out the need for the revision of inpatient medical prescriptions and the inclusion of a clinical pharmacist into the multiprofessional team so as to increase patient safety and reduce the risk of fall (Zermansky et al., 2006; Haumschild et al., 2003; Browne, Kingston, Keane, 2014) . Most of the drugs classified as high risk for fall are categorized in this manner as a result of the adverse events that these medications can cause. Among these adverse effects include orthostatic hypotension due to antihypertensives use or hypoglycemia by virtue of the use of antidiabetics (Rubenstein, 2006; Boushon et al., 2012) .
Most of the reviews published in the literature on this subject sough to analyze the underlying relationship between medication use and fall incidents in different settings including community settings, long-term facilities and hospitals. The sample population investigated was often restricted to elderly patients and the studies mostly considered only few medication subgroups (Park et al., 2015; Zang, 2013; Bloch et al., 2010; Boyle, Naganathan, Cumming, 2010; Woolcott et al., 2009; Hegeman et al., 2009; Campbell, 1991) . To date, no reports have been published in the literature involving specific medications related to inpatient falls without age restriction. Clearly, in a hospital setting, patients are exposed to a wide range of medications and specific conditions that may contribute towards altering the risk of falling (Matarese et al., 2014) . The aim of this study is to carry out a thorough assessment of the literature available regarding the relationship between medication and inpatient falls, regardless of the age of patients. The paper will also undertake a critical review in this context.
METHODS

Data sources and search
A comprehensive literature review was conducted by the author, T.B.R, on MEDLINE (by Pubmed), EMBASE (by Elsevier), and Lilacs (by Virtual Health Library website) (last search on August 4, 2016), with no time restriction and filtered by English, Spanish or Portuguese languages. The medical subject heading (MESH) terms used included "inpatient", "accidental fall", and "therapeutic uses" (linked with "AND"). The term "therapeutic uses" was chosen by virtue of the fact that it indexed all medication classes. A similar search was done on EMBASE using the Emtree terms "hospital", "falling" and "drug therapy". All terms were expanded to capture all relevant articles using relevant synonyms including hospital*, drug*, medicat* and fall*. All potentially eligible studies were included with the exception of reviews. The search strategy is presented in Table I . Some bibliographical references in the eligible studies were evaluated. In some cases, these references were either withdrawn or included based on our search strategy.
Study selection
Studies were considered eligible for inclusion once they contained original data based on the association between medication use and inpatient falls, were exclusively conducted in a hospital setting, and included all ages and special populations. The author thoroughly read and assessed all titles and abstracts and selected the studies of interest in line with the inclusion criteria. Reviews and studies that considered pre-hospitalization falls, facilities different from hospital (community or long-term care facilities), and those that did not evaluate medication or falls that effectively happen in a hospital setting were all excluded. All studies retrieved in the search were included in our investigation without regard to quality limitations. The excluded studies were not categorized.
Data extraction and quality assessment
Data were extracted and summarized in a spreadsheet with the main study information including the following: author/year, country, number of fallers/ number of control group and special sample condition, median age of fallers, follow-up period, other factors related to fall, medication and measure of association. The type of the studies design (cohort, case-control, etc.) was classified by the authors.
Medications that were related to inpatient fall, those ones which were statistically significant according to univariate and/or multivariate analysis, were classified based on the Anatomical Therapeutic Chemical (ATC) classification. These medications were graded in the pharmacological groups (3 rd level). It is worth noting that those medications that could not be classified as 3 rd level (due to the absence of author specification) were catalogued according to the therapeutic subgroup (2 nd level). D a t a w e r e e x t r a c t e d o n t h e m o s t c i t e d pharmacological subgroups and details were provided regarding the studies that mentioned these subgroups. The data details included the special populations and medications involved.
All studies were evaluated using a quality tool adapted from von Elm (2007) and Young and Solomon (2009) proposals on "how to critically appraise an article". This tool evaluates the main factors that can induce study bias. Among such factors include the following: clear population definition and representation; selection of control and case groups (criteria and sample); full identification of potential confounders; accurate outcome measures; confounders and relevant exposure; and adequate statistical analysis (Table III) . These factors were classified under the following categories: "high risk of bias", "low risk of bias" and "not clear". This classification was based on the completion of the topics about the assessment of the risk of bias included in Table III .
RESULTS
The search strategy retrieved 563 records, 34 of which were considered for full-text screening while 23 met the eligibility criteria (Figure 1) .
A summarized presentation of the studies data can be found in Table III Clear definition and representation of population -The population, the eligibility criteria and methods of selection were clearly described; -The sample was representative of the population or group studied Adequate selection of cases and control (or comparative group) -The case and control(or comparative group) selection criteria were clearly described; -The control (in case it is control case) reflects the case population (characteristics and number); -The same indicators were evaluated for both groups. The follow-up period for patient observation in almost half of the studies lasted 12 months; in 30% (7/23) of the studies the follow-up period was less than 12 months; and four studies reported follow-up periods longer than one year (1.5 to 5.5 years).
The total number of inpatients in the studies amounted to 27,449; this consisted of 4,474 fallers and 22,975 classified as control or comparative group. The median age of the fallers was 69 years. Another fact that deserves mentioning is that in four studies (17%) the population was restricted to only elderly patients. Six other studies included special population: cirrhotic patient, patients with unsafe gait, patients who are exposed to anticholinergic and sedatives drugs, psychiatric patients with hyponatremia, geropsychiatric patients and those with chronic kidney disease.
Fifty seven percent of the studies did not specify the medication, class or substances included in the group (only mentioned, for instance, sedative hypnotics, without indicating any specific drug) (Costa-Dias et al., 2014; Pierce Jr. et al., 2013; Obayashi et al., 2013; Lamis et al., 2012; Chang et al., 2011; Bun, Serby, Friedmann, 2011; Mamun, Lim, 2009; Tanaka et al., 2008; Angalakuditi, Gomes, Coley, 2007; Vassalo et al., 2006; Krauss et al., 2005; Vassalo et al., 2004; Aisen, Deluca, Lawlor, 1992) . Some articles focused their studies on all central nervous system medications (Lamis et al., 2012) (without establishing any distinction between the pharmacological groups). Some studies grouped more than one pharmacological group (Costa-Dias et al., 2014; Vassalo et al., 2006) . Walker (2005) evaluated a broad class of medications and identified it as "other medications that can cause sedation and postural hypotension". They also included different pharmacological groups in their analysis (urological drugs; blood glucose lowering drugs excluding insulin; antiepileptics; antihistamines for systemic use; drugs for alimentary tract and metabolism; drugs for cardiovascular system). Dauphinot et al. (2014) evaluated defined daily dose (DDD) of anticholinergic and sedative agents. They found that DDD increase was related to fall, but made no assessment of the relation between the medication and the falling incidents.
Only six studies presented all confounders correctly (Figure 2 ). Other risk factors for inpatient fall were evaluated. These included age, oncologic patient, neurodegenerative disease, male gender, chronic/ palliative inpatient wards, previous falls, cognitive dysfunction, wheelchair use, patients in need of help to move, rehabilitation, patients in need of help with daily life activities, incontinence, diabetes, depression and impaired memory.
A decreasing list was made based on the studies and pharmacological subgroups (Table III) . Some drugs were not classified in the pharmacological subgroup due to the fact that the study failed to specify the group to which these drugs belong. Hence, these drugs were exceptionally classified under the therapeutic subgroup (2 nd level by ATC classification) category: calcium channel blockers, diuretics, anti-parkinson drugs, antihypertensives, antidiabetic drugs, drugs for alimentary tract and metabolism, and drugs used for treating the cardiovascular system. Remarkably, there was only one study that used a classification which had no designation under the ATC classification system. The classification was that of unspecified psychotropic drugs.
In seventy-four percent of the studies (17/23), the inpatient falls were attributed to anxiolytics, hypnotics and sedatives accounted for 48% (11/23), antipsychotics represented 35% (8/23), opioids and antiepileptics accounted for 30% (n=7) while antidepressants represented 22% (5/23). Diuretics (4/23), anti-parkinson drugs (3/23), other analgesics and antipyretics (3/23) were mentioned in less than 20% of the studies. The other subgroups accounted for less than 10% of inpatient falls in the studies.
The studies were also subjected to quality assessment using the bias analysis tool (Figure 2) . The results obtained showed that only 26% (n=8) of the studies presented full identification of potential confounders, 52% had high risk of bias for selection of control and intervention cases and only 39% exhibited low risk of bias for statistical analysis. The pharmacological subgroups that were cited more frequently (in more than 20% of the eligible studies) are described below.
Anxiolytics
Seventeen studies attributed inpatient falls to anxiolytics use (Tapper, Risech-Neyman, Segupta, 2015; O'Neil et al., 2015; Mamun, Lim, 2009; Lamis et al., 2012; Frels, 2002; Dauphinot et al., 2014; Costa-Dias et al., 2014; Tanaka et al., 2008; Chang et al., 2011; Angalakuditi, Gomes, Coley, 2007; Shuto et al., 2010; Cashin, Yang, 2011; Vassalo et al., 2004; Mendelson, 
Hypnotics and sedatives
Data on the use of hypnotics and sedatives were collected from 11 studies. Among these studies, two study populations were, however, restricted to elderly patients. Most of the studies did not specify the medication employed in their investigation (Hayakawa et al., 2014; Kolla et al., 2013; Costa-Dias et al., 2014; Tanaka et al., 2008; Chang et al., 2011; Krauss et al., 2005) while four others mentioned the following medications: zolpidem, zopiclone (Kolla et al., 2013; Dauphinot et al., 2014; Chang et al., 2011 ), brotizolam, flunitrazepam, lormetazepam, midazolam, nitrazepam, quazepam, rilmazafone, triazolam (Shuto et al., 2010 Obayashi et al., 2013; Mendelson, 1996) .
Antipsychotics
Eight studies attributed inpatient falls to antipsychotics. Most of the studies were devoted to special populations (Tapper et al., 2015; Costa-Dias et al., 2014; Vassalo et al., 2006; Aisen, Deluca, Lawlor, 1992; Bun, Serby, Friedmann, 2011) and only three placed no restrictions on the study population (Lamis et al., 2012; Dauphinot et al., 2014; Mendelson, 1996) . The chemical substances included: olanzapine, risperidone, amisulpride, tiaprida, ciamemazine, quetiapine and haloperidol. Four studies did not specify the medication involved.
Opioids
Seven studies analyzed the use of opioids and the incidence of accidental falls (Walker, 2005; Pierce et al., 2013 , Tanaka et al., 2008 . Four of these studies contained special populations (Mamun, Lim, 2009; Chang et al., 2011; Dauphinot et al., 2014; Costa-Dias et al., 2014) . Tramadol was the only substance specified in a single study. The other studies mentioned opioids, yet without specifying them.
Antiepileptics
Data on the use of antiepileptics were collected from seven studies (O'Neil et al., 2015; Lamis et al., 2012; Dauphinot et al., 2014; Walker, 2005; Obayashi et al., 2013) . Two of these studies focused their investigation on elderly patients and patients with chronic kidney disease (Costa-Dias et al., 2014; Angalakuditi, Gomes, Coley, 2007) . The chemical substances cited were carbamazepine, gabapentin, lamotrigine, oxcarbazepine, phenytoin, topiramate, valproate and phenobarbital. Four studies did not specify the drugs employed in their investigation.
Antidepressants
Five studies associated inpatient falls with antidepressants (O'Neil et al., 2015; Lamis et al., 2012; Mendelson, 1996) , two of which focused their investigation on elderly patients and patients with chronic kidney disease (Costa-Dias et al., 2014; Angalakuditi, Gomes, Coley, 2007) . The chemical substances cited included amitriptyline, fluoxetine, nortriptyline, clomipramine, doxepin, desipramine, phenylpiperazine, imipramine and sertraline.
DISCUSSION
Our critical review shows that the use of central nervous system drugs (including anxiolytics; hypnotics and sedatives; antipsychotics; opioids; antiepileptics and antidepressants) is likely to induce inpatient fall incidents.
To the best of our knowledge, there are no reports in the literature concerning the analysis of particular medication related to fall incidents involving hospitalized patients. The studies that have been published recently were aimed at different patient settings such as community and long-term facilities. Interestingly, the findings of these studies were quite similar to ours. Wolcott (2009) conducted a systematic search and a meta-analysis aiming at updating the study carried out by Leipzig, Cumming and Tinetti (1999) . They evaluated all FRIDS (Fall Risk Increasing Medication) in different settings (community, long-term facilities and hospital care). The investigation included 22 observational studies and the outcome was based on the Bayesian random effects-model. The result of their investigation pointed out an association between the elderly who use sedatives/ hypnotics, antidepressants and benzodiazepines and accidental falls. Park et al. (2015) reported the results of a systematic investigation they carried out which associated the use of sedatives/hypnotics and antidepressants with an increased risk of fall among the elderly. The critical review of Hartikainen, Lonnroos and Louhivuori (2007) associated central nervous system medications with fall incidents among older people. The researcher also suggested some topics that could help improve the quality of observational studies employed towards examining medication use as a risk factor for falling. All the above-mentioned researchers have pointed out the underlying limitations of their studies with regard to quality, consistency, and comparability. They acknowledged the need for well-designed studies such as those related to prospective cohorts. It is worth noting that our study encountered similar limitations.
A famous tool recommended by the Agency of Health Research and Quality (AHRQ, 2016) which is based on the study conducted by Beasley and Patatanian (2009) classified drugs according to the risk of falling for patients in hospital settings. This tool evaluates medication-related fall risk on admission based on a score. Analgesics, antipsychotics, anticonvulsants, benzodiazepines were assigned 3 points which denoted high risk of fall; antihypertensives, cardiac drugs, antiarrhythmics and antidepressants scored 2 points (denoting medium risk); and diuretics gained one point (indicating low risk). In our study, the association between inpatient fall and other pharmacological subgroups (unlike the central nervous system drugs) was found to be weak (only less than 20% of the studies showed this relation). Some studies published in the literature included antihypertensives, cardiac drugs, antiarrhythmics and diuretics as having weak risk of causing inpatient falls (Leipizig, Cumming, Tinetti, 1999) .
Evidence from healthcare settings is supported by the prominent tool known as the evidence pyramid (Murad et al., 2016) . The case control design, represented by 61% of the total eligible studies, is known to have low quality of evidence (it is found at the base of the evidence pyramid). The starting point of this study is the outcome (which in our case is patient falls in hospital settings). Afterwards, an assessment is made regarding the exposure to the risk so as to develop a hypothesis with respect to risk estimation. It is true that this risk estimation does not often reflect the real causality (Nobre, Bernardo, 2006) . Moreover, in many studies the control group selection appears to be inadequate and fails to represent the population in an appropriate fashion (Figure 2) . No randomized controlled trial (RCT) experiments are found in our investigation. This is attributed to the fact that this type of study design has not been used routinely for the evaluation of adverse effects. The article that reports the new evidence pyramid highlights the critical assessment of the studies taking into account methodological limitations, imprecision, inconsistency and indirectness. These topics could be analyzed through the tool for assessing risk of bias ( Figure  2) . Only 8 studies were found to have low risk of bias in three or more items that were considered critical to the quality of the study.
Retrospective studies accounted for 87% (n=20) of the total eligible studies. Several limitations were noted regarding this type of study. These included the inappropriate nature of chart review for study questions or lack of systematic review, the unavailability of important data, the difficulty of establishing cause and effect, the reliability of written information and the problem of missing data (Hess, 2004) .
Some studies presented several problems with respect to statistical analysis. In one of the studies, the statistical analysis was not homogeneous for the groups under investigation (some had odds ratio (OR), whereas others did not). Some studies did not present confidence interval (CI) despite having defined an OR value. In many studies, CI was close to 1 (1.01 to 1.09) and the results that were equal or above 1 show no relationship between cause and effect (Bland, 2000) . In one study employing crosssectional design, the statistical analysis was not performed at all. The analysis was restricted to medications that were related to fall incidents which the author found in the literature. As no control group was assessed, causality could also not be evaluated.
One of the study limitations stemmed from the groupings of medication. Some studies grouped different pharmacological subgroups under the same category. For purposes of illustration, the studies employed categories such as "medication that can produce sedation or postural hypotension", "central nervous system medication" or "psychotropic medication". Clearly, this was a relevant weakness inasmuch as the full analysis was performed relative to a broad group, and could not, as a result, be strictly attributed to a specific pharmacological group or medication.
Limitations were likewise observed in most of the studies regarding the evaluation of confounders. The bias analysis tool (Figure 2) showed that only 8 studies had a relatively satisfactory identification. It is a known fact that fall incidents are attributed to multifactorial reasons (Spoelstra, Given, Given, 2012) , as such, a complete list of potential confounders is essentially important if one is to appropriately evaluate bias that may exclude the relation between a given medication and inpatient fall.
The external validity of the studies faces constraints in that 91% (n=21) of them were performed in a single institution. A further shortcoming lies in the fact that a significant number of studies focused their investigation on specific populations including cirrhotic patients, psychiatric patients, patients suffering from chronic kidney disease, confused patients, elderly patients, patients with altered gait and those suffering from geropsychiatry. The inclusion criteria for one of the studies were restricted to patients exposed to anticholinergic and sedative medications. One will notice that these conditions by themselves could be related to fall incidents Ruxton, Woodman, Mangoni, 2015; Severo et al., 2014; Spoelstra, Given, Given, 2012) .
The median age of the fallers was 69 years; this can largely be explained by the fact that elderly patients are more prone to accidental falls and age itself is cited as a single risk factor (WHO, 2007) . In Brazil, 33.5% of patients in the Brazilian Public Health Service (known as Sistema Único de Saúde -SUS) are aged 60 and above (Peixoto et al., 2004) . The US reported similar percentages of elderly inpatients in 2012, where 34.9% of all hospitalizations represented people aged 65 and above. Indeed, this shows that the elderly population accounts for a significant amount of hospital admissions.
One of our study constraints was related to the use of the quality assessment tool adapted from STROBE and Young and Solomns (2009) instead of the well-known observational assessment tool (like Newcastle-Ottawa Scale). We chose this adapted tool owing to the fact that it provides the possibility of locating all eligible studies in a single table and irrespective of study design. In addition, it gives a clearer exposition of information with self-explanatory icons (the caption was inspired by the Cochrane collaboration tool for assessing risk of bias in randomized trials).
Other study constraints our study encountered were related to ATC classification which could not be fitted to all studies and drugs, considering the indication of some specific medications or group classification. Grey literature was not included and our search was restricted to English, Spanish and Portuguese languages. The review steps were performed by only one of the authors.
The assessment of fall risk in hospital settings is extremely important as it can help prevent inpatient negative outcomes and contribute towards increasing the safety policy of the institution (WHO, 2008) . Notwithstanding the weakness of some studies included in this review, our findings were similar to those of the most recent reports published in the literature which also associated central nervous system drugs (namely anxiolytics; hypnotics and sedatives; antipsychotics; opioids; antiepileptics and antidepressants) with inpatient falls. These findings could be used as a tool to help prevent inpatient falls, especially for those patients who exhibit more risk factors for fall incidents. The multi-professional team acting in inpatient healthcare settings can contribute towards improving patient safety and help diminish fall incidents. One of the mechanisms to prevent patient falls in hospitals is assigning a professional pharmacist to the team and allowing him/her to review the medical records and prescriptions of the patients (Zermansky et al., 2006; Haumschild et al., 2003) . Similarly, the hospital nursing team can tailor their care planning activities in such a way as to prevent negative outcomes (including inpatient falls) during the stay of the patients in healthcare settings (Severo et al., 2014; Hignett, Masud, 2006 ).
CONCLUSION
Our study shows that central nervous system medications, particularly in the following order: anxiolytics, hypnotics and sedatives, antipsychotics, opioids, antiepileptics and antidepressants, seem to be associated with an increased risk of inpatient falling. The result of this study is in line with those of recently published reports in the literature on risk of fall incidents in community and other settings. While the results of this critical review are worthy of consideration, one cannot virtually neglect the several methodological limitations that characterize the eligible observational studies that were employed. Among the constraints noted in these eligible studies included failure to provide proper definition, unspecified medication classifications and unsatisfactory description of potential confounders. Better delineated studies are needed if one is to properly assess the relationship between medications and inpatient falls.
